BACKGROUND: The use of metered-dose inhaler (MDI) with spacer instead of nebulizer may be important during an outbreak of an airborne infection. However, there is a paucity of data on patients' and nurses' abilities and perspectives on MDI with spacer for the treatment of acute airway obstruction during such an outbreak. METHODS: We evaluated 50 consecutive MDI-withspacer treatments administered in the respiratory wards of the National University Hospital of Singapore, and interviewed the patients after each treatment during the outbreak of severe acute respiratory syndrome (SARS). We also conducted interviews with 50 nurses who had experience in administering bronchodilators via both nebulizer and MDI with spacer. RESULTS: Forty-six patients (92%) were able to use MDI with spacer effectively. Sixteen percent of the patients preferred nebulizer over MDI with spacer. Fifty-eight percent of the patients thought MDI with spacer was easier to use than nebulizer, and 34% thought MDI was as easy to use as nebulizer. Sixteen percent of the patients thought that nebulizer was more effective than MDI with spacer in relieving their symptoms. Ninety-six percent of the nurses preferred nebulizer over MDI with spacer. Fortytwo nurses (84%) thought that nebulizer was more effective for treating acute airflow obstruction in the hospital. CONCLUSIONS: In the in-patient setting during an outbreak of an airborne infection, for treatment of acute airflow obstruction, MDI with spacer was acceptable and preferred by a high percentage of patients. However, a high percentage of nurses had misconceptions regarding the efficacy of and patients' ability to use MDI with spacer. 
Introduction
The nebulizer system of bronchodilator delivery is commonly used for the treatment of acute airflow limitation in hospitalized patients. However, compared to metered-dose inhaler (MDI) with spacer, nebulizer therapy is expensive, uses higher doses of bronchodilator, requires more equipment and equipment maintenance to prevent contamination, and involves more steps in drug preparation and administration. 1 We previously found that nebulizer therapy is associated with greater potential for errors in the prescribing and administration. 2 Importantly, reports from Hong Kong suggested that the use of a nebulizer with a patient who had severe acute respiratory syndrome (SARS) was associated with a major SARS outbreak in the Prince of Wales Hospital. 3, 4 Based on clustering of probable cases SEE THE RELATED EDITORIAL ON PAGE 841 of SARS among close contacts of index patients, the main modes of transmission were droplet and direct contact. However, some probable cases of SARS infection contracted inside hospitals did not have direct or close contact (within 1 m or the range of spread through droplets) with any patient with SARS, which suggested airborne spread through virus-laden aerosols as another likely mode. Aerosol-generating procedures (eg, nebulization) in the hospital appear to be associated with a higher potential risk of transmission and have been implicated in nosocomial outbreaks. 5 These limitations and risks of nebulizer therapy challenge the widely accepted practice of using nebulizer instead of MDI with spacer for in-patient treatment of acute airflow obstruction.
Meta-analysis of randomized controlled studies shows that the delivery of bronchodilators via nebulizer or via MDI is equally effective for treatment of acute air flow obstruction in the emergency department and hospital setting. 6 However, surveys and audits of practice indicate that nebulizers are preferred by many practitioners. 6, 7 This practice is probably based on the belief that, in the hospital setting, many patients are too old or too sick to use the MDI with spacer effectively and the majority of patients prefer MDI with spacer to nebulizer. 8 There is a paucity of data regarding the feasibility of MDI with spacer for the treatment of acute airflow obstruction in the general unselected in-patient population, and on patients' abilities and perspectives on MDI with spacer in the in-patient setting. 9 Though nurses' knowledge about and technique with MDI with spacer have been investigated, there are no data on the attitudes of nurses responsible for instructing and supervising the use of MDI with spacer. 10, 11 This study was performed during the SARS outbreak in Singapore. We studied 3 hypotheses: that patients hospitalized with acute airflow obstruction would be able to effectively use MDI with spacer; that MDI with spacer would be acceptable to and preferred by those patients; and that nurses have misconceptions regarding the efficacy of and patients' ability to use MDI with spacer.
Methods
A series of infection control measures were implemented in all hospitals, following an outbreak of SARS in Singapore in March 2003. A report from Hong Kong 3 suggested that the use of a jet nebulizer to administer aerosol albuterol in the index patient had probably aggravated the spread of SARS infections. In response to the report, National University Hospital replaced all jet nebulizers with MDIs with spacers for the delivery of bronchodilators in all open wards. Nebulizer was used only when MDI with spacer had been tried and failed to improve patients' symptoms. The respiratory division prepared a guideline on the use of MDI with spacer, which consisted of information on the procedures and doses of bronchodilators. The guideline was distributed to medical and nursing staffs in all general wards (Appendix 1). Volumatic spacers (Allen & Hanburys/GlaxoSmithKline, Uxbridge, United Kingdom) were made available in all acute medical wards. The urgency to contain the SARS outbreak necessitated an abrupt implementation of the MDI with spacer protocol without formal training sessions for the nurses. Two asthma nurses who were proficient with the use of MDI with spacer were assigned the duty of providing advice and demonstration of technique to the ward nurses on request. The study was approved by institutional ethics committee.
We evaluated 50 consecutive MDI-with-spacer treatments in the respiratory wards. The patients were interviewed immediately after receiving MDI-with-spacer treatment on the first day of admission to the ward. During each treatment, at the bedside, the nurse instructed the patient on the use of MDI with spacer. Patients with suspected pneumonia were admitted to the isolation wards because of the SARS outbreak and were excluded from the study. We also interviewed 50 nurses who were working in the respiratory ward during the SARS outbreak and who had experience administering bronchodilators via both nebulizer and MDI with spacer. Nurses were interviewed individually after they administered MDI-with-spacer treatments. Appendix 2 shows the interview questions. Effective use of MDI with spacer was defined as satisfactory subjective symptom improvement and, therefore, no need for treatment escalation (bronchodilator via nebulizer, transfer to the intensive care unit, or initiation of mechanical ventilation) and the absence of adverse outcomes. We asked the nurses and patients about their beliefs and preferences regarding nebulizer versus MDI with spacer, their satisfaction with the effectiveness of MDI with spacer, their assessment of ease of use of MDI with spacer, and about the adequacy of the nurses' instruction on MDI with spacer. Table 1 shows the patients' demographics, diagnoses, and nebulized bronchodilator doses. All the subjects had had at least one previous hospital admission in which they received nebulizer therapy. All patients received prednisolone 30 mg per day for 7 days. Forty-six patients (92%) were able to use MDI with spacer effectively to achieve satisfactory symptomatic relief. Treatment failure was observed in 4 patients (8%). Two patients had asthma (ages 49 y and 55 y) and 2 had COPD (ages 72 y and 74 y). In all 4 patients, nebulizers were used because of the lack of subjective symptomatic relief after the use of MDI with spacer. Table 2 summarizes the patient-interview responses. Eight patients (16%) preferred nebulizer over MDI with spacer. Twenty-nine patients (58%) thought MDI with spacer was easier to use, and 17 patients (34%) thought MDI was equally easy to use.
Results

Patient Interview Responses
Eight patients (16%) thought nebulizer was more effective than MDI with spacer in relieving their symptoms, and the other 41 patients (84%) thought MDI with spacer was at least as effective as nebulizer in relieving their symptoms. Ninety-six percent of the patients thought the nurse's instructions on MDI-with-spacer were adequate.
Nurse Interview Responses
Forty-eight nurses (96%) preferred nebulizer over MDI with spacer and thought that the hospital should return to using nebulizer after the SARS outbreak was under control. Forty-two nurses (84%) stated that nebulizer was more effective for treating acute airflow obstruction in the hospital. Forty nurses (80%) thought that nebulizer was easier to administer and required less attention and supervision in in-patients. Thirty-two nurses (64%) thought that elderly patients were more likely to have difficulty with MDI with spacer.
Discussion
We found that for the treatment of acute airflow obstruction in a general unselected in-patient population during an outbreak of an airborne infection, MDI with spacer was acceptable and preferred by a majority of the patients. A large majority of our nurses had misconceptions regarding the efficacy of and ability of patients to use MDI with spacer.
Multiple randomized, controlled studies have confirmed that there is no difference in the pulmonary function response between using a nebulizer and using MDI with spacer for administering bronchodilator therapy. 6 Despite those findings, administration of bronchodilators via nebulizer is generally accepted as standard treatment for patients hospitalized with acute air flow obstruction. The underuse of MDI with spacer may be due to the lack of data on patients' ability to use the device correctly, the preferences of patients for the devices, and the skills and resources needed to properly instruct the patient in the use of the device outside the setting of clinical trials. 9 In the present study we investigated these issues in a "real world" setting without the artificial patient selection, intensive coaching, and supervision inherent of a clinical trial.
The patients' perspective on the rapid implementation of MDI with spacer use with minimal staff training and additional resources during the outbreak of an airborne infection has not been investigated previously. The implementation of MDI with spacer use in our hospital may have encountered some resistance from patients for several reasons. First, the need for a rapid response to prevent further spread of SARS had resulted in MDI with spacer being introduced with minimal preparation and support. It was implemented immediately after the circulation of a 2-page guideline prepared by the division of respiratory medicine (Appendix 1) and with the support of only 2 asthma nurses familiar with MDI with spacer use. Second, nebulizer was the standard of care prior to the outbreak, and all patients interviewed had had no previous experience with the use of MDI with spacer for treatment of acute dyspnea. However, our results showed that the majority of patients in the study were able to use MDI with spacer effectively (92%) and thought that the instructions were adequate (96%). We also found that MDI with spacer was highly acceptable to the patients. Only 16% of patients preferred nebulizers to MDI with spacer and thought that nebulizer was more effective than MDI with spacer.
The role of nurses in advocating MDI with spacer use may be an important determinant of patient acceptance. The perspectives of nurses on MDI with spacer use have also not been investigated previously. The results of this study suggested that majority of nurses (96%) preferred nebulizer over MDI with spacer, citing the inferior efficacy of MDI with spacer and inability of patients to use this method effectively as important disadvantages. Sixtyfour percent thought that MDI with spacer was too difficult to use in elderly patients hospitalized with acute air flow obstruction. Misconceptions about the efficacy of In the present study the mean cumulative doses of albuterol and ipratropium bromide required to achieve satisfactory subjective relief of airway obstruction were 1.24 mg and 238 g, respectively. This is consistent with the finding of a previous study, that the majority of patients require less than 2.4 mg of albuterol to achieve sufficient therapeutic response. 12 Ipratropium bromide was added to the regimen because previous studies indicated greater benefit from dual therapy in patients with more severe air flow obstruction. 13 Limitations of the present study include the lack of objective measurements of lung function, the unique setting of the study (during the outbreak of SARS), and the fact that patients with suspected pneumonia were excluded from the study. These factors may limit its generalization to other clinical situations. However, as the primary aim of this study is the real-world acceptability of MDI with spacer use, objective lung-function response may not have direct relevance. It is also our impression that patients enrolled in the study are representative of the population admitted to general hospitals with severe acute airways obstruction.
The demonstrated acceptability of MDI with spacer use in our study has important implications for the process of translating the proven efficacy of MDI with spacer from clinical trials into real-world effectiveness. This is especially important when an outbreak of airborne infection necessitates the use of a mode of bronchodilator delivery other than nebulizer. The recent outbreak of SARS, the ongoing outbreak of avian influenza in Asia, the potential risk of nebulizer in transmitting airborne infection, together with the long list of advantages associated with MDI with spacer use have made a compelling case for a more widespread use of MDI with spacer in the in-patient setting.
Conclusions
In conclusion, this study demonstrated that the use of MDI with spacer for treatment of acute air flow obstruction in an in-patient population during an outbreak of airborne infection is acceptable and preferred by a majority of patients. However, a substantial proportion of nurses have misconceptions regarding the efficacy and the ability of patients to use MDI with spacer. Our data suggests that MDI with spacer is acceptable as a short-term substitute for nebulizer during an outbreak, but its long-term implementation in regular care may be impeded by nursing opinions.
